Both plant and animal materials have been utilized in the cultivation of members of the Genus Clostridium, chiefly in the form of mashes and infusions (McClung and McCoy, 1934, and Castell, 1942) . Thioglycollate broth, introduced by Brewer in 1940, was the first light, transparent medium capable of growing clostridia without anaerobic jars, which could be stored for weeks and used without preheating. This medium contains meat infusion and gives excellent results with aerobes and with pathogenic and proteolytic anaerobes, but grows the butyric group of clostridia irregularly and only when comparatively large inocula are used (McClung, 1940) . This fact led to an investigation of readily available and inexpensive sources for basic media suitable for the cultivation of butyric-acid and butyl-alcohol-producing clostridia as well as of the more readily cultivable species. In 1943 Brewer described a method for digestion of vegetable materials with papain and he stated that, when used in thioglycollate media, such materials were capable of supporting the growth of most butyric organisms.
MATERIALS AND METHODS
A variety of materials were digested with papain (Brewer, 1943) Solid media were made up without the phosphate and with added agar (2 per cent). All media were adjusted to a pH of 7.5 and were sterilized by autoclaving.
Animal source materials. The substances tested were infusions of heart muscle and glandular tissues; tryptic heart digests; papaic and tryptic digests of casein, skimmed milk, eggs, and blood clots discarded from specimens used for syphilis tests; and peptic digests of casein and milk. Several commercially available peptones of known derivation were tried; they included medopeptone (tryptic digest of casein), an acid hydrolysate from casein, an enzymatic digest of casein, and thiopeptone (which is a peptic digest of meats). Vegetable materials. Papaic digests of yellow and white corn meals, corn gluten, green grass, grass seed, cocoanut and babbsou meals, tomatoes, and fiv-e commercial yeast preparations were carried out. Papaic, tryptic and peptic digests of cotton seed, soy bean and peanut meals were made. Auto-digests of tomatoes and cotton seed meal were included in the investigation. About forty separate vegetable digests were studied and, in addition to these, mixtures of equal parts of cotton seed and soy bean, cotton seed and peanut, and peanut anid soy bean meals were digested with papain.
Test cultures. The cultures used throughout most of the work were Clostriditun novyi, C. septique, C. tetani, C. acetobutylicum, C. butyricum (four strains), C. felsineum, C. pasteurianum, and C. roseum. In many experiments, C. perfringens and C. lentoputrescens were also included, but these organisms generally grew equally well on all the media. Of the first three listed above, only C. septique showed any very clear predilections-it sometimes, like the butyric strains, did not grow at all in dilutions used in media which supported groxvth of the tetanus and Novy bacilli satisfactorily. Other strains of clostridia were frequently tried, but not by the dilution method.
To determine the efficiency of the materials, 18 to 24 hour cultures were diluted in sterile distilled water and 1 ml. quantities of appropriate decimal dilutions were added to tubes of the fluid media. Media which would not suipport growth of 1 ml. of 1:1000 dilutions of all of the test organisms were colnsidered unsatisfactory for further study after one or two trial runs. Peptone preparations which made satisfactory broth media were then tried out in agar media. Plates were streaked and covered with Brewer lids (Brewer, 1942) . Blood plates were prepared according to the method previously described (Vera, 1942) .
Use of calcium carbonate. Some difficulty was encountered in maintaining the cultures of certain of the butyric strains. For example, preliminary cultu-res would occasionally show heavy growth and gas production after one or two days' incubation, yet transfers with small amounts of the cultures would be sterile. Therefore, a preliminary experiment was carried out with soy bean, casein and meat infusion media. A small amount (about 0.1 gm.) of calcium carbonate w-as placed in half of the tubes before addition of the broth. Cultures were inoculated in triplicate in media with and without added carbonate and transfers wvere made at intervals for ten weeks. Cultures of C. perfringens and C. btgtyricum § 37 remained viable for ten weeks in all tubes of all media containing calcium carbonate, while subcultures from the same media without the carbonate were positive after two days' incubation, but not after seven days' incubation at 37°C. The practise of adding calcium carbonate was thereafter used routinely for the maintenance of stock cultures, especially of those strains which mulotiply and ferment media with great rapidity, and tend to die off without forming spores. Clostridium novyi 10:10 10:10 10:10 11:11 8: 9 5:10 8: 9 8: 9 7:10 8:10 -6:10 9:9 8: 9 9:9 9:9 C. perfringens 8:10 10:10 10:10 8: 9 10:10 10:10 10:10 10:10 10:10 6:10 11:11 10:10 C. septique 5: 6 7: 7 5: 6 6: 7 5: 6 5: 8 7: 7 8: 8 7: 7 7: 7 4: 7 4:5 8: 9
4: 5 8: 8
C. tetani 7: 9 8: 9 9: 9 8: 8 8: 8 7: 8 8: 8 6: 8 8: 9 9: 9 -6: 9 8:9 7: 8 8: 9
8: 8
C. butyricum ,8 -6: 8 8: 9 7: 7 8: 9 -5: 6 8: 9 7: 9 9: 9 8: 9 9: 9 -4: 7 7:7 -5: 7 -2: 7 8: 9
C. butyricum %14 -6:10 9: 9 10:10 7: 9 -6: 7 6: 9 7: 9 8: 9 6: 9 9: 9 -5: 9 6:6 -5: 8 -2: 6 8: 9
C. butyricum #37 -5: 8 8: 8 7: 8 6: 7 5: 7 6: 9 8: 9 8: 9 6: 8 8: 8 -4: 8 7:8 6: 9 2: 7 7: 9 C. butyricum '79 -6:10 8: 8 10:10 6: 9 6: 9 6: 9 8: 9 9: 9 5: 8 8: 8 -5": 8 5: 9 9: 9 C. acetobutylicum -5: 9 5: 5 9: 9 -4: 7 -2: 5 8: 8 8: 8 8: 8 4: 5 4: 6 -4: 6 8: 9 7: 8 C. felsineum 5: 6 5: 7 3: 7 5: 7 4: 6 6: 6 -2: 6 3: 4 5: 7 C. pasteurianum 5:10 10:11 10:10 11:11 9:10 8:11 9:11 9:11 11:11 8:11 -7:11 7:10 10:11 C. roseum -4: 8 7: 8 6: 7 6: 7 5: 7 7: 9 8: 9 7: 9 7: 8 8: 8 -4: 8 -5: 9 9: 9 For explanation, see Table II. each case the first figure given indicates the highest dilution of that culture which grev in that medium. The second figure indicates the highest dilution showing novyi 9:9 6:10 8: 9 8:9 9:9 9:9 7:9 9: 8: 9 8:9 9:9 8:9 7:10 8: 9 C. perfringens 10:10 10:10 9:9 9:9 9:10 --10:10. 9:10 10:10-C. septique 5: 6 4: 6 8: 9 7: 7 -3:7 6: 7 5: 6 5:7 5:7 4: 6 8: 9 6: 6 8: 91 7: 9 6: 8 4:7 7: 7 8: 9
C. tetani 7: 9 7: 9 7: 8 8: 9 9:9 6: 9 9: 9 7:8 6:8 7: 9 7: 8 9: 9 8: 8 6: 8 6: 8 5:9 9: 9 7: 8 C.butyricumf8 -6: 9 -6: 9 5: 7 8: 9 -4:9 4: 9 6: 9 6:8 5:8 5: 9 7: 7 9: 9 7: 7 8: 9 6: 9 -4:9 9: 9 7: 7 C. butyricum 8:10 8:10 7: 9 8: 9 %14 3:8 -5: 9 9: 9 6:8 6:8 4: 9 7: 8 9: 9 8: 8 9: 9 6: 9 -3:8 7: 9 7: 8 C. butyricum 7:7 -7:11 7: 7 7: 710:10 7: 7-8:10 10:111 9:11 7:7 9:11 9:10 C. roseumn 5: 8 6: 8 6: 9 8: 8 1:5 -4: 8 5: 5 2:2 2:2 5: 5 9: 9 5: 5 9: 9 9: 91 6: 9 1:5 l l~~~~~~~8: 81 9: 9i
The first figure, when not preceded by a minus sign, represents the greatest decim'Lal dilution of the original culture which initiated growth in the indicated medium. A figure with a preceding minus sign indicates that there was no growth in that tube which contained the largest inoculum used. The second figure represents the greatest dilution of the original culture which was able to initiate growth in any medium included in the same experiment. In many cases, it also is the greatest dilution of the culture which was employed in that experiment.
growth in any medium in that particular series. In many instances this number also represents the smallest inoculum employed; that is, the end-point was not covered. This second figure was included because considerable variation was at times met within some strains, notably C.felsineum, and so that differences in the cultures would not be falsely attributed to differences in the media employed. A preceding minus sign is used to indicate that no growth was obtained at this dilution which was the lowest dilution of the preliminary culture used in that experiment. It should be noted that from four to twelve media were inoculated together, including control tubes of regular thioglycollate sterility test media and papaic soy bean medium, and sometimes medopeptone medium as well.
In spite of the fact that a great many of the tested materials gave results similar to those commonly obtained with media prepared according to the formulae used for sterility test media, a variety of peptones were found capable of growing both types of anaerobic bacilli. Materials from animal sources which were satisfactory were derived from casein, heart muscle, and blood clots by tryptic digestion, and from eggs by papaic digestion. Of these the relatively inexpensive digests of casein appeared to be the most practical and yielded consistently high results.
Certain vegetable stuffs were also found to be superior to meat infusions when incorporated in thioglycollate media for the cultivation of clostridia. Soy bean peptones seemed to make the best media, giving heavier growth and being capable of inducing multiplication of a very small number of organisms. Seven papaic digests and two peptic (one of these prepared with commercial pepsin and one with fresh peptic stomach) digests yielded excellent results. Several tryptic soy bean preparations were, in these experiments, definitely inferior in their growth-promoting qualities, although they were satisfactory for cultivation of the gas gangrene and tetanus strains.
Other plant materials giving results comparable to those obtained with the papaic and peptic soy bean digests were tomatoes (when digested with papain), and peanut meal (digested with pepsin). Tomatoes of course have the disadvantage of being seasonal, and can be expected to yield only a relatively small quantity of peptones. Papaic peanut and cotton seed digests were fairly good but never did as well as soy bean and medopeptone controls.
Mixtures of equal parts of cotton seed and peanut, peanut and soy bean, and cotton seed and soy bean peptones made satisfactory media. However, digested mixtures of the same meals did not support growth in a similar manner. Mixtures of medopeptone with soy bean, cotton seed, and peanut digests grew all the organisms in high dilutions.
A few trials were made with media containing 0.1 per cent glucose instead of 1.0 per cent glucose. When this was done, growth of the butyric organisms was distinctly slower, larger inocula were necessary to initiate growth, and such media were not noticeably better than ordinary meat infusion media.
A simple method which was used for evaluating results was to add up the total In the study of growth of clostridia on agar media, no attempt was made to do quantitative examinations. Streak culttures were made of the organisms used previously, and of C. botulinum, C. histolyticum, and C. sporogenes. All species grew well on soy bean, cotton seed, peanut, tomato, egg, blood and medopeptone agars. Only those;digests were used which scored well in the dilution tests. The tomato agar plates were too dark in color for easy observation. The peanut agars were a rather amber shade and the other materials made light agars on which even tiny colonies could be readily seen. The gas gangrene organisms grew as well or slightly better on the soy bean media than on infusion agar, for colonies tended to be larger. All of the butyric strains grew very well, producing large and, in many cases, mucoid colonies.
Only medopeptone and soy bean peptones were used in the hemolysis studies. Organisms of the pathogenic and proteolytic types gave characteristic areas of hemolysis. For example, C. perfringens developed double or triple zones of hemolysis, while C. septique colQnies had single, sharply delimited zones of beta hemolysis. Those butyric organisms which were studied grew in the blood agar wvithout hemolyzing the blood cells. Addition of calcium carbonate to the media permitted some of the highly fermentative organisms which ordinarily grow and die rapidly during incubation to remain viable for long periods of time.
The digests may consist entirely of plant materials, of vegetable materials digested with animal enzymes, or of animal materials. Soy bean meal, digested by either papain or pepsin, appeared to be the best vegetable source, while peanut and cotton seed meals were somewhat less good. The tomato peptones were excellent in their ability to promote growth, but were less satisfactory in respect to cost, availability, and, in the case of the samples tried, their dark color.
An excellent material from an animal source proved to be tryptic casein digest, for example, the commercially available medopeptone. Eggs (papaic digest) and blood (digested with trypsin) were also satisfactory.
All of the above materials could be incorporated in agar media for obtaining surface cultures of clostridia, inducing rapid growth and the formation of large colonies. In medopeptone and soy bean agars with added defibrinated rabbit blood, the clostridia tested gave conventional hemolytic reactions.
There was no evidence of any toxic effect of sodium thioglycollate, in the concentration used, on bacilli of the butyric group. 
